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Abstract 
Solar energy potential for industrial processes has been widely proven, and detailed studies can be found in literature. However, 
contrary to this fact, the role of solar energy within the industrial sector still remains minor. Technologies like concentrated solar 
systems are even less widespread, notwithstanding the fact of being adequate for high temperature processes and steam 
production. In order to overcome the gap between end-users (thermal energy intensive industries) and the solar sector 
(manufacturers, designers, etc.), the market needs to introduce new, straightforward, accessible and end-user oriented tools. The 
Solar Heat for Industrial Processes online Calculator (SHIPcal) is an open source initiative specifically developed for industries 
interested in integrating solar energy in their processes. SHIPcal integrates numerical models into a web-based interface in order 
to provide design-point, annual performance and economic information to industrial end-users. 
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1. Introduction 
Extensive work is being conducted in order to promote the use of solar energy within the industrial sector. 
Several international initiatives like, for instance, the International Energy Agency (IEA) SHC Task 49 “Solar Heat 
Integration in Industrial Processes” [1] (former IEA SHC Task 33 “Solar Heat for industrial Processes”), have long 
worked on the assessment of the solar potential in industrial processes, development of design guidelines, definition 
of integration schemes or comparison of available design software among others. Most of the outputs from these 
initiatives are intended for designers, solar manufacturers or researchers rather than end-users, who, ultimately, are 
the decision makers. 
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The use of online calculators (OC) has a long record in more mature sectors like the photovoltaic (PV) industry. 
Nowadays a significant amount of PV online calculators can be found on internet (e.g. NREL’s PVWatts [2]). These 
tools enable people without an extensive technical background to perform rough simulations and, if the results meet 
their expectations, they also might drive end-users to get in contact with solar manufacturers, thus boosting the 
market. 
In the case of solar systems for industrial processes, end-users would have in OCs an alternative to conventional 
software like TRNSYS [3], which is developed for professionals and needs specific training. SHIP Design Tool [4] 
and AppSol [5] are the only OC specifically designed for industrial processes currently available. SHIP Design Tool 
was developed during the research project “InSun: Industrial Process Heat by Solar Collectors” [4]. Its main 
drawback is the limited number of integration schemes available (Make-up water preheating, Bath heating, Indirect 
steam generation and Direct steam generation). AppSol is a proprietary software based in TRNSYS models. This 
software simulates the integration of solar systems in different industrial sectors across Chile. The main limitations 
of AppSol are: Simulations are limited to the Chilean region, no possibility of select different integration schemes 
and the current version is only available in Spanish.  
SHIPcal is an OC aimed at and designed for end-users, with little or no background in solar technology.  
2. SHIPcal approach 
SHIPcal was developed with the support of the Spanish technology platform for concentrating solar power (Solar 
concentra [6]) through its workgroup focused in medium temperature solar applications. SHIPcal initiative is open to 
external participation and hence, it has been conceived as an open-source initiative in which all the tools used in its 
development are free and accessible. The main program is written in PHP 5.6.3 [7] using a simple text editor. PHP 
(PHP: Hypertext Preprocessor) is an intuitive language designed for web development. The mathematical and 
physical models are written in Octave [8]. Octave is a free software compatible with MATLAB, and therefore, 
SHIPcal can use models which were initially written in MATLAB language. The results are plotted online using 
public JavaScript libraries.  
The program workflow is shown in Fig. 1. First, the user fills an online form where the input information is 
introduced. SHIPcal creates then the input files, and calls the design model in Octave. This model calculates the 
design-point characteristics of the system. Once the design is fixed, SHIPcal runs a simplified annual performance 
simulation. The results of the simulation are then plotted online.  
 
The simplified simulation performs an hourly simulation of one characteristic day per month. This method 
enhances the speed of the process, which is a significant constrain of OCs, providing results in less than 6 seconds. If 
the user wants to have more detailed results, an annual hourly simulation is also available, but in this case the results 
are sent to the user by email, since the process takes some minutes.  
Fig. 1. SHIPcal workflow scheme 
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3. Main program structure 
3.1. Input form 
Users provide the input information through an online form with 19 fields classified in: Solar field, process 
integration and financial info. In the simplest scenario, the user should fill at least 4 fields, the rest are optional and 
they would only be used when enough information is provided. Before calling the design model, SHIPcal checks the 
input form for errors and conflicting information. Once the information in the input form is checked, the program 
generates the input files and calls the design model. 
3.2. Design model 
When developing an OC oriented to end-users (with different range of experience and backgrounds), one of the 
biggest challenges is the potentially lack of input information available. SHIPcal has three different design 
approaches to calculate the size of the system, depending on the information provided by the input files. These three 
approaches are: Available surface for the solar field, size of the industrial process target of the solarization, and 
available budget.  
The “Available Surface” design approach is used when the end-user has provided at least, the available surface, 
the location, and the temperatures of the process. In this design approach, the size of the system is calculated 
assuming the solar field occupies the entire available surface. First, SHIPcal selects the solar technology depending 
on the temperature level. Processes up to 110ºC are studied using flat plate collectors (FPC). If the temperature level 
is higher than 110ºC or steam is selected as heat transfer fluid (HTF), SHIPcal uses concentrating collectors (CC) 
instead of FPC. The evacuated tube collector model is currently under development and it will be available in the 
following versions. There are two CC models already included in the code, parabolic trough and linear Fresnel. 
Linear Fresnel is only used when the user selects “Roof” as type of surface, being parabolic trough the default 
option. Optical performance of the collectors is estimated using simplified performance curves. These curves have 
been obtained averaging data provided by several solar suppliers. This work have been carried out by the Spanish 
Institute for Energy Diversification and Saving (known by its Spanish acronym IDAE), and the data and 
methodology used is available in its last technical report [9]. Table 1 shows the coefficients used for the 
performance curves included in the aforementioned study. 
 
            Table 1: SHIPcal’s performance curve coefficients 
 C0 C1 C2 
  W/m2K W/m2K 
Flat plate collectors  0,840 3,6109 0,0110 
Parabolic trough 0,718 0,5000 0,0005 
Linear Fresnel 0,667 0,1020 0,0002 
 
 
Once the technology is selected, SHIPcal optimizes the solar field parameters (e.g. distance between rows, 
orientation, etc.) which maximize the annual energy production for the available surface introduced. Since in this 
optimization only energy considerations are taken into account, during the development of the model different 
optimizations introducing also economic variables were conducted as well. Results showed that 82.714% of the 
cases reached similar solutions in both scenarios (with and without economic constrains), therefore, only the energy 
optimization (faster than the one including economic parameters) was implemented in SHIPcal. 
The “Size of the industrial process” design approach is used when, at least, the location and characteristics of the 
process are known, and therefore, the size of the system can be calculated from the process information. Although 
no previous experience in solar energy is expected from the end-user, it should at least know its industry, and 
therefore, the size of the process could be calculated through the detailed information provided by the online form 
(e.g. mass flow rate, pressure, temperatures, etc.). However, sometimes detailed information is not available because 
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it is not measured, or the user is not the person in charge of the process (i.e. General Manager). If that is the case, the 
information can also be obtained through an “Online Process Assistant” (OPA) in which, default values of the main 
parameters are proposed for each industrial process. The OPA is linked with the “Matrix of Industrial Process 
Indicators” from the Greenfood platform [10], therefore, reliable information is guaranteed. For the moment, only 
information about food & beverages industry is available at the OPA, but other industry sectors are being included 
and they will be available in the near future. In addition to the temperature levels of the industrial process, the 
integration scheme needs to be defined as well. The different schemes proposed by IEA SHC Task 49 [11] are 
included and modeled in SHIPcal, and the user is able to select one by itself or use the one proposed by the OPA. 
The last design approach, “Available budget”, is used when, in addition to the location and the temperatures of 
the process, also the available budget is provided. In this case, SHIPcal calculates the size of the system increasing 
the size of the solar field until the cost of the project reaches the budget limitation. In order to calculate the project 
cost, SHIPcal uses simple figures of cost per square meter for each technology. Although these figures are obtained 
from reliable sources [12, 13, 14, 15], they are representative values of each technology rather than real market 
values, and therefore, this design approach should be used carefully.  
If the user provides enough information to fulfill more than one approach, the most restrictive is selected. If, on 
the other hand, the information provided by the user is not enough to fulfill the requirements of any design 
approach, the program suggests the user possible alternatives. 
Once the design size of the system is calculated, the design module creates the complete system calling two 
technology submodules, one in charge to model the solar collector (solar technology design-submodule), and one 
that models the hydraulic scheme of the process integration (integration scheme design-submodule). The rest of the 
design variables in the system are then calculated by iteration.     
3.3. Simplified annual performance model (SAPM) 
After the design calculations, the annual performance model is called. Like in the design module, two technology 
submodules are called, the solar technology annual-submodule, and the integration scheme annual-submodule. The 
design values calculated in the design model (e.g. Number of rows in the solar field, heat transfer coefficients of the 
heat exchangers, set point temperatures, etc.) are sent to these submodules and the iterative process calculates the 
instant output values of the system at each step. To be able to plot online the results of the simulation, the computing 
time in this process needs to be in the range of few seconds. Since the annual simulation is conducted on an hourly 
basis, in order to achieve that speed in the process, SHIPcal only simulates 12 characteristic days per year (one day 
per month). Then, it assumes that the monthly production is similar than the one of its characteristic day, multiplied 
by the days of the month. The characteristic day of each month is obtained by averaging the complete data of each 
month. 
Once the iteration process has reached a solution, SHIPcal generates an output file with meteo and energy 
production data and plots the results. 
3.4. Results output 
Once the annual simulation is finished, Octave module is closed and the main program in PHP reads the output 
file created. SHIPcal plots a summary of the design characteristics of the system, the energy production profile at the 
design point, and the simplified monthly energy production, using public libraries written in JavaScript. An example 
of the result outputs is showed in Fig. 2. 
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3.5. Annual hourly performance simulation 
Although SHIPcal does not intend to replace conventional solar design software, it is capable of conducting more 
accurate and detailed annual simulations. In this case, SHIPcal performs a complete hourly simulation of the design 
system. Since this simulation takes several minutes, real-time online plotting, as in the case of the simplified 
simulation, cannot be used and therefore, results are provided through a report sent to the user email account.  
  
Fig. 2. Outputs plotted online after a simplified annual performance simulation 
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4. SHIPcal validation 
In order to validate SHIPcal results, a fully-detailed model was developed in TRNSYS (Fig. 3), and afterwards, 
compared with SHIPcal. The TRNSYS model represents a generic industrial consumer (Process flow temperature: 
260ºC, Process return temperature: 150ºC, Process medium: Water, Load profile: Symmetric noon-centered, Size: 
400 kWth). The solar technology is parabolic trough, and the integration with the process is through an external heat 
exchanger for heating the process medium (PL_E_PM [11]).  
 
 
Fig. 4 and Fig. 5, show the results of the comparison for a sunny day. In the case of the solar submodule, the 
maximum instantaneous error of the energy produced during the day reaches 15%, but the cumulative error during 
the day is significantly lower, being close to 6%. Discrepancies mainly occur when the model works under abrupt 
changes (sunrise and sunset), and they are mostly due to differences in the solver used by TRNSYS and SHIPcal.  
In the case of the integration submodule, Fig. 5, the maximum instantaneous error is very high, up to 30%, 
however, the cumulative error during the day is lower than 3%. The heat exchanger module used in TRNSYS keeps 
the specific heat constant during the simulation, while SHIPcal calculates the specific heat of the fluid in each step. 
This difference results in slightly different energy output between the two programs, and hence the high instant 
error. The fixed value of the specific heat used in the TRNSYS model is an average value, therefore, when the 
whole day is studied, this difference decreases, obtaining a very reasonable value of 3% in the cumulative error. 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Process integration scheme PL_E_PM [11]; (b) Screenshot of the TRNSYS model developed for the validation study 
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As it was noted before, major discrepancies occur when abrupt changes happen. Therefore, significant errors are 
expected in cloudy conditions when the models are more unstable. Fig. 6 and Fig. 7 show the results of the 
comparison against TRNSYS on a cloudy day. In the case of the solar submodule, Fig. 6, same instant error (15%) 
was found, but the cumulative error (10%) is, as expected, higher than in the case of the sunny case. The same 
behavior can be found in the integration submodule, Fig. 7, where instant error reaches 16% and cumulative error 
drops to 10%.  
 
Fig. 4. Comparison of the solar technology annual-submodule results between TRNSYS (dotted lines) and SHIPcal (continuous line), 
on a sunny day 
Fig. 5. Comparison of the integration scheme annual-submodule results, between TRNSYS (dotted lines) and SHIPcal (continuous 
line), on a sunny day 
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5. Conclusion 
SHIPcal provides a friendly and easy-to-use tool to estimate solar energy production in industry process 
applications. The design module has been developed for users with no technical background, allowing very fast 
simulations with very little input information. Its main drawback is the accuracy of results compared with other 
design software. The validation campaign carried out using TRNSYS showed discrepancies in the energy 
production up to 10% in the cumulative values. This level of accuracy makes SHIPcal unsuitable to be used as a 
Fig. 6. Comparison of the solar technology annual-submodule results between TRNSYS (dotted lines) and SHIPcal (continuous 
line), on a cloudy day 
Fig. 7. Comparison of the integration scheme annual-submodule results, between TRNSYS (dotted lines) and SHIPcal (continuous 
line), on a cloudy day 
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design program, but makes it a powerful online calculator. Since SHIPcal is an open initiative, it is expected to 
increase its features in the near future thanks to the contribution of the scientific and industry community. 
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